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L Psﬁlooxc (COMPONENTS IN COMMUNICATION DATA:
. N NODKLS AND HYPOTHESIS TESTING
“ boo 27 \ ' .
“' L‘v . ‘ Lo ' - ' ' * R /
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» * e INTRODUCTLON . ‘ » v
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4
This papor' wfil oonoorn itso}f with soae solutions to a
~ \
/ .
L 1 . 9om’on prfblon which ariloa in handling’ tiac a{fiea data. the

modeling and tostiné of? pypotheaea conoerning \Qoriodio riseé

N and falls in the level of [ 1 singlo vaniablo neasured over tinme.

A >
’ ¢ g

With ’ooununiaatioﬁ roa‘arohtra inoreaaingly uains ovor-time
.dgpa to roproahnt aynanic communig;tiqn prooeasas (o.g.. Krull Co
and Paulson, 1977f _Arun;;lnz 1977),3d{aqqlaipna of alternative .
techniques ?or ’ soribing qﬁ& testing hyp;phoaea opnoefning
qyciic repetit]} n in data are nebded. . |
Cogmunication data is particulgnly likely to exhibit a
pariodic) nature. | Mass -media cévérage. of ; contﬁovoraial
;ubjo often gppeaéa for a while, taé@x&kéff,l thfn'lg;in
: feipppara, in a cyolic pattern. Audiesnce preferencs for N
particular television don:ont is pften cyclic; 7aa'§ha pariodio
poappaayinoc and diinépoaf:noe'of io;terna;f- oonodids, -eto.,
:.teltificb... Tho- total amount of news a nowaplpor carrios is .
cyolio over wook because orjtaotora like slow news q;yl ?vor’ %?éé_
the wiakcnd, v;o largc news holo in Tpurad,y vqpcro orcuttd by~- b
‘v"aupdwq:rkot advortining, nnd other onvironnontal vnrinblea.
| . There are two general reasons 'to oronto a modcl of ;77
-; cyolionlly ohangin; tilo lcriol of oonuunioation datu. F%rnt.
‘tho oyolio ohand% li‘ht be thgorctically 1nportant.'"l;h"g.

. . )
" L) . - - i . ' v
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‘ produ« prodiotion oquatiom which ar'o a t‘unotion of priqr

4

eriQrl hypothesis pr&dioting the frequondy ard/or the amplitudo

time coulqd bc set up

+

This is the analod of predictirg a lirear rolatiorahip betwcer

I

of a

Of charnge aver and’ stntiatioa]ly Costod

« two sets of static data, and testing the significance

fitted regression line. .

f g

. X A i ‘
. The second reason to crsate a periodic model 1is to

describe, irn sfmplified terms, an-extensive data set. Thid is

:mumm describe
- X )

panallol to uaing‘linear regressior’

tho rolationahip between two atatxo variablea.
v

' There are two general tecnniques by which models of wime
»

’ } : ' .
The time domain tgohniquea, .based on

linear regression oonoepts and methods for the most part (cf.

serio#ﬁcan be crcgted.

Box and denkins, 1970 Oatrdm, 1978), yield linpar models in ;

which variQﬁlo values at ore point in tim& proaict subsequant

v
va}uoa. Time domain modeling is the more prevnlent technique

ir. oommunicatior research, but it is somewhat more. difficult to

\

use in oerta}o aLtuations than the alternative .method, .

mmmdmlaodolihs. o | \/ o

FrQQucnoy douain models fit periogic siruaoid (sine and

~~'cxoaincf funotiona to thc obaorvod data {n much the sam&lvéf ‘iskgg
lin,ar r,groaaion= fits atraight ling runctiona. to 'd;ti;; o ’;)1g%§§&.
Hﬁitipch?ynotiohi‘c;n be ndditivcly"rittod'to‘prpduog oomﬁi.x* _11%3\§§§E¥
PP AN
// :‘ariuuom gvor time, In contrast to time doaain models, which- :'9‘“.3‘;;;

£

variablc vlluon, ‘/¥rcquonoy domain -odclu givo functional

! o

relationships bo;wocn the variable ard a:fixad_\rrcquondy

-
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. the ooaino'wavc

component . ~ . . L

PERIODIC WAVES

v

Any pattebn of values of - a variable ‘which repeats

“\

ro(ulnr;y over time is a periodic waven A simple exnmpio is

»

S
y ».r(t) 2 R cos(wt + p)

R ia the aaxiaum amplitude or the wave, w is the frequer.cy #n
$ .

. “radtars per udit time, and p is the phase anglx with respact

A}

-~ [

Yo the origin.’ "Inis phase angle is also oxprund in radians.

If p is zero,» the maximum .vafue' of ¥y will fall at txe;

othorwiae, tne time origfq\:ill intera\bt the periodio curve tt

sdre other point. ~ The parigd of tnis wave, or the time it

.~

takes to oompletd a singlq complete cycle, ia.z pi / w.

It can be shown that any set of data can be roprasonted byﬁ

A series . (posaidbly 1nrinite) of sinusoid fUnctiona nimilar ta

the above (Krpyd&ig; 1972). This remarkably general

.

stateaerit, whioh app;ies not only lo‘ data which " is clearly

peﬁiodio‘ over time, but to all ruhqtions (even ones with.

4

diacontinu&*es, 'lkko atep or 1mprae'runotiona), is gené&glly.

toruod ‘a Fourier series represqnta‘iom of a funoction. It ia

naacd ror Jfaeph Four1¢r (1768-1830) who was 1n;trum¢rtgﬂ;in '

\"(\

| tho rdprcacntutio of eomplox dynamio ruﬁétiona as a acrioa of




Exaaple of Comnananta of a Pardedia ¥ave |
‘Conaiaor'thc cxampiz -periodic wave plotted in Figure 1,
It cqpsists‘or ioo tidé poirts of a square wave with pebiod 50,
or two complete cycles, . Since ore cyale tnkoa'g period of 50
tiuotunita, a‘g corfequhds to ;2 pi radi?na, tre fundameﬁtnf
'froquency of this wave 1is 2 pi / 50 = 12566 r;dilns per time
unit, o | | |

Fourier procedures (discussed Later’ln this paper) show

that a wave such as this can be represented by odd harmonios of

»

the rundauoqtdl frequéncy. . Let us remove these oonponenis.one ‘

N

at & time, 100k at the re;iduals,- anﬁ graduaily suild ‘up a
‘mcdcl of. th; aquare wave, 'Figuré P ihowa fhg original‘data
with & ainusoid of the same fundamental frequency fit to the
dd@a. under a least squares restrioction. Note that thig.
fur:damental F}t 13 a rsasonadly good approximation of the data’
(the F-valﬁe for explained variance is over 450!) by itaelf.
Figure 3‘, plots the residuals when _ the fundamental

rroquono; is removed. Figure 4 shows the third_harnonio (we
6 pl / 50) fit to the rqsiduala} agd Figure 5 ghoﬁa the
rdsiduals after ‘both the }undANOntdl and third harmonic aro.
rouovod; The rifth'hafnonio (wli'10 pi /50) X;ftit’to these

residuals in Figure 6, and the final set of residuals plotted

in Figur;e 7«}‘;7.

)

rt;uf\'a illustrates the~pdiht to be made htrc.'”whin only

the first three periodic components of the square wave are

combined, we have a very good approximation of tho‘orfkinal

-



\ data, Addition of rurthor compqnents will iiprdvo the fit,

. : _ T . ,
although each will contribute proportionally less to the

goodnes§ of fit,

It is diffioult to mcdel this data with time domain

prooidurca, because of tho diaoontinuitiea in the data, yet

- fraquency doaain analyais will produce thia ai;ple’modol:

/
y = SIGEA ( A ooa(kwt) +;B ain(kwt) ]
k=1,3,5 K K

T ! s
. ' »

In this data set tp; coefficients K and B 'muat be

estimated to givi'ah liaat aquirea fit, and .in'a .realistio

< ' ' : '
sjtuation w muat .also be cstimatod The derivation of these

> /

procedures, due primarily to Bloomfield (1976) and Kreyszig

{1972) will next be addressed.
: -

CREATING PERIQDIC MODELS 4
| ~.
heaat-Squarea Batjmationa of Amplituds and Phasa
. Conaider the t;me-;erioa data o
. x = [x ,x‘,x , ..._,i ] ' (\v
T 1 2 3 N

.

Uo oan model any periodio oo-ponent in: the data as
X = nu & B oqa(wt +p) +oe ‘
where x is any data point ih_igi series
4 ' " .
au is the mean of the:series
- R is the saximua amplitude
< ¥ is the frequency in radians pcr unit tiuo
" p 1s the phase angle in radians '
t is time units- N
¢ is residual error
v A

-

, &

.

‘A

Lo
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Residual error terms are assumed LO De uncorrclagbd. and all
discrete observations of x are takasr at equal time intervals. .
For a series of diascrete data points the sum of squares of the

residual values aust be mihimizca. To facilitate iﬁls, the

?

equation is rewritten by trigonometric identf%y.as

X = mu + A cos(wt) + B sin(wt) + e
t R Covt : g

where A = R cos(p) ,
4 ‘ B s -R sin(p) : )

The function to be minimized is then

‘ N ‘, K
SS(mu,A,B,w)aSIGMA [ (x - mu - ‘A cos{wt) -~ B sin(wt)) )
. tal t
1Y a

The procedure roé minimizing this furction for ary w is to set
the partial derivatives of SS,Qith,respoot to mu, A and B equal
to zero and aolve for the estimated values of sach parameter,

Bloomfield (1976) proviqgs a very readable presentation of this

»

derivatior. For any fixed w, ihe least‘sqdires eatimatds for

.
mu, A, and B are approximately given by

X 3 1/N°SIGMA [x )
t

~

2 o |
R 2 2/N SIGMA [(x - %) ,cos(wt) ] \ -
SN |

B x 2/N SIGMA [(x - %) sin(wﬁ) ]‘ : o ‘ o
) Lt - : | .
Tne exact solUiiona for X and EIQ;Q gif;n in éibom(iald, and
arduéomputaéionaily difficult, 'Tﬁe-nbo;g Apéﬁoximations are \\i$
geriearally aocuri&p:tolat ie&st }xbuﬁ signifiéant'd}gits.i This .
18 more than sufficieht for most apélicatiénbf The aatimatb.éﬁr

14

b | : .
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thq;ncan, %, " is the simple arithuotio mean of the ao#ioa. In

thds. lnd all further rormulaa, SIGMA will be asaumed to cover

)

tho range 1 to N if the ranga is unapecified

|
I
| ' ' ., .

| R and 8 have additional propertica'b\ach make them useful

in eltimating the w which will best fit the data. The

«amplitude R of the fitted periodic component is estimated by
' »
’ 2 2 ‘ 2
R(w) = A(w) + B(w)

The frequericy i; optimized when the magnitude of thh fitted
conppnegt is gaximum. \‘Tﬁe squared magnitude 1is uaualiy
’ ~ referred to’;; the pbripdogra?} ,aithodgh'striotly-apcakihg the
| true poriodoéraa values differ bf‘a soale faotor of N / (8 pi).

| The amplitude of the periodogram at fregLZ;éieS rear the

strongest periodic component déacrib@d ;: inverted-U, as in

f Figure 9, whioh is taken from Blodmfield. It ig simple to finJ

the value for w- which: imaximiieS}\;ﬁc. amplitude in tho_

. ﬂoignborhood‘or w by numé;icai' md@th;‘aﬁéB'aa iNewﬁon?S iﬁf.
Cﬁhte, 1965), Ono must begin n;ar ffhe actual -rréqueho},

BN . ot v ‘

: howcvor, aa ldat nuhorioal methods uili dotoct only local

makima. Pon~cxamplo if onq attenpﬁed to optimize the fﬂgquency

. ' &x
I at ap atarting poinn oP‘ w-.23 iw Figure 9, Newton'a Method

? 4;":

, vodid praduco a uaxiauu of icaa than 10 ncar the frequcnoy of

.23 radiaha, whern the aotunl maxiuum is about 110 noar we, 2175,

\

B
LA L S
e
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: Estinatoa of A, B, and w ofn be found for models made up

t of .more than ore periodic co;zon;nt. The Following'algérithm

was used to compute estimates for mdltipla component models in

this paper:. , .

1) Set initial estimates for A, B and w
A o '

©2). Remove these components by subtraod[ng out each,

.

periodi¢ funotion in turn, 1i.e., remove eash subsequent

periodio;obnponent from the residuals left after removing the

‘prior oomponent. "*\ .
- < -
3) Compute the mean of the corrected (residual) saries and
~ s P
\ ¢

remove this mean fron thp residuals.
o i .

%)'Bstiﬁate-ncw values of A, B, apd\w for each component;

if the rew w dirteizjfrou'the previous value by more than spma‘“

*

criterioft value; go to 2 and repeat.

~

5) Wher ro w valus for ary of the components changes by

nore than the orito:ion Value in a oompléte cycle, the
, ,

optimization 1; oompletb.

L4

The virtue of this procedure  is that it treats - each
» B ) “J . .

poriqdio co.pbnont se%dbately. The 1mportanoe"d[ this oan be

aqdn R{\inapéoting the periodgram in Figuﬂ‘ 9. Rote the side-

lobes in'tho anplitudc produoedfby the single athong periodic

!

ooqponont. Inwa nultiplc gouponent mod.l, these aido—loboa may
4 o

'intbrfcrc with Jitootion of Qrinary; poriqpio‘ oomponenta.

L/ ‘

'Howovor, since each oonponent is rcnoved'berore'OQQ:idoring the

| next, this 'loqkhgt" ia of no consequence in the parameter

oatilation or: optilization process.

2

» . . E .-8-.

10 .

4
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ﬁixnxxxnunn; Xeating '
g After a model of periodfo components is fit to obaprved
= o v

data, it is appropriate to ask if it explains Pmoro Qarianoo

than chance alone would provige., Sinqo all parimeters were
. ‘ - ]

;e8timated under )east aquaroa constraints, it ia eaay to oarry

4

Out an analysis of vnriance for the specified periodio model,

The sums of aquarcs are partitioned as

 J

38 =x S8 + S8
x model residua}l
N L3 2
. Where  SS 2 SIGMA[(x -R-SIGMA[A cos(wt)+B sin(wt)]) ]
' resid txd t ka1 -k kK -

N is the number of time points
M is the number of components in the model
All other variables are as befqre : N\

Fram this partltioning. the appropriate F-teat'ia évideht:

MS 2SS /M and
®odel . model
MS 2 S8 / (N-M=1) L
residual residual .
\ . S
F = MS / MS . with M and N-M-1} degrees
" model * residual ~ of freedon

4 . :
Eaoh compbrient in the model introduces or.e degrec of freeqom,

as two ponptantg (! and 8) are being oatiuatad - Juat_aa‘the‘
cat;uation of intorcdpt and slope (two oonatanta) 'in linear
rogroaaion introduces a degree or rro'don for each variable rit
to the data. The error degreds or {tcodoq rollow fron i%iqp/,///>

» i By uain; apprqprintc R~tt8tl 1t N poaaiblo to deterhir.e

a ir ainclt codpononta explaih aignirioant ancunts. or variance,

toat tho oycrall aignirioanoo of a uultipl& conponon nodel, or

Y




-

/ A . . ’ . , »" A
[
\

see if. addition of ariother single component explains
) -
significant additioral variance..
To test a single componert model, the sums of squares are

-
opt;zabd dirodtly from the parameter estimatior process, and an

F-ratid th 1 and N=2 d.f. 1is computed. Multiple component

| npdcla rirat undergo tho parameter/ optim&zatiOn process and at

T
ita oompletion have F-ratios with M and N-M-1’ d{r.f computed

N

rrom‘the sums of squaros from all o;mponenta of the ortimized
modgff This. F-test gives a4 a;gnxricanée level for variance
explainod by all periodic componenta taken together

To test the siggpificance of adding an additiora] componen
to an existing modol, an 1ncremanta1 F-ratio is computed as

F x (S8 - -85 ) /T8y ~/ (N-M-1))

ine with new without . . resid

: coaponent compOnant

Degrees of freegbm are 1, ard N-M-1, (See Kelly, 1970 or Nie,
et al;, 19?5, for a discussion of this praocedurs, in the
corntext of Jinea; regression.) |

Ar, Additional statistio of interest can Shngomputed from

the sums of 8quarea. , Thg; statistic is the equiva]enr of the

_Multiple R- Square of rogr@saior or Eta~8quare of aralysis of

'varitnce. It will bc called E Square here.to avoid cor.fusion

[N

paeriodia wavo." E=Square is interpretable as the analog of
Multiple Q;Squabo}?_j.c., fkhdgporochtaga}jof to;ai;&yﬂffanoa
]
w10

. with R Squaro whfdh represents the squared amplitude of a

v
[N
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explaired by the ritted model. It is coaputed by

2 C | /
B8 = 88 / 83 - Y,
© model X o :

-’

o

HARMONIC ANALYSIS

»

A critioal ‘queation nriaea in oonaidcring the discuasfon

of the previous *..btion, namcly, ow does ‘one determine the

~ number of periodic componanta and their starting values? \Thp

S

answer depends on wkifher one is testing a hypothesis about the

‘presence of COmpononti'o ‘13 attenmpting: to dcaoribo~qx;sot oﬁ}

'data; If the former i8 thé caaii there 1is ro problam'

presumadbly the theory boiné teated supplias the description of

thd componenrts. * However, ir ore is. attempting ,g,ng.;gcigni

description, some means of detecting strong periodio‘aomponents—

BN
is needed.
The first technique which seems obvious is to plot the

2

data-and .Lobk for pegibdicitioa; If there are very'strong

L}

poriodicitiol, this 18 an sdequate procedura. However, "the

. .
husan eye is rot a acnsitive pattern datcctor, at least when

 do|1in¢ with data plota. It ia almost 1mpossiblc, for example,

to viaually dotcot atatiatioally aigniricunt linear

'rolaiibhlnipa wiﬁh cbrrolationa or lesa tharn ,50, Yat

detection of _a periodic oomponont which ‘{plainsd 105 of the
Evari‘noc in a tina series ni;ht be oon:idorod quite important.~

rouricr lnnlyaia providot a systclatio _procedure .ror

. deteating poriodio_ oomponents. - A full discussion of Fourier

$




‘analysis is far beyond the scopa of the paper. Only a

condoptual outline is included here. The irterested reader may

: /
corsult a number 3f intermediate mathematics texts,  such as
Kreyszig (1972) - or  Wylie (1960) for the proofs of the
statemerits made here.
If a sét of frequencies are chosen so that “
W ox2pl J/ N 0§ & N2 | | :S
J ' 4 N
_ . , \

_ , ) _ . ‘ _ NG
it can be showr. that the sinusoigs corresponding to these ] \\3
frequencies are ortnhogonal, and hence independent. Only

‘ fréquénciea corresponding to 0 t¢ pl radiars . r.eed De-
cor.sidered, as higher frequencies are indistihguiahable from Y
their lower harmoniocs. Thi{s pheromenon is calyed "aliasirg",

" and it implies that the highest frequency detectable in a iima
series has a period of 2t, i.e. a frequency of w = (2 pi) 7/ (2
t) = pl / t radians per time unit.

We can define the sine and cosine coefficients
. b :
corresponding to.the Fourier frequencies as
N-1?
A = 1/N SIGMA [ x ] = R ) .
Q ta0 @t _ ’
. l N"‘1 ’ .
A = 2/N SIGMA (x cos(w t) ] , o - ' )
J. th ’ t J -
N-1
B = 2/N SIGMA (x ain(w t) ] ‘
t=0 t '
J J | \ .
v _
Iy ! _ _ e s — - ' -
) R <
A} ¢ ) ‘
T
A J - ' ‘12-'



' N-1 t .
' ~ A = 1/N SIGMA {(X) x ) if N is ‘even
' N/2 . tx0 t
& Q if' N ia odd
. v -
ai If N is even, the last data point corresponds to a Fourler
frequency qf' pi radians; at which the coaine term will be N

either pqsitive or gegative unity, If n 1s odﬂ} the last data

point does not\oorreabqnd to a Fodrief frequency, and thus
| thera'is_ép’cosino coerficien;. |
\1&ﬂﬁ?iﬁl£ the cosine and sine coerricienta correspond to
the values derived for model fitting in the last section’ or;:

this paper‘ They have one important additiona] property,

'

however:  'they are orthogonal, and hence oan be linearly .
.0 . - ‘ X . )
o 359'?1ﬂ908Qd without any interaction among oomponents. Ary

‘time series can thus‘bi represented as a series of summationrs
' T L
of Fourier coefficienta . . .

N/2-1 e ' t
E : X = A + SIGMA [A cos(w t) + B sin(w t)) ] + (1) &
. - ot 0 ga J 3 j j N/2

Tho A and B ooorrioionta can. be conputed at each Fourier

rroquoncy by ovaluatinz the nbove sums, * The rcsulting'aht of

oocrriciontlvia called the Disgrake Fauriar Tranaform of the

LB t.ilu uriu. Conooptually, it dnoriboa a series of periodic

components whioh, when added togethor. produoo- a continuous .
. v e

- function whioh pnioqa through each point in  the diaoréte tim;\\? -

ocrioa.- In practico, tho A and B ooorriclonts aro oonputod by

.oro orticiont ncthddl than the -valuution or sums, Thi 'Faat

a rourior Tranaroqp dgvolopod by Tukey snd othors (Tukoy.- 1967)

_ij;«“
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uses dathematiocal 1dcﬁ\itips ‘to simplify the computation
‘procesy’, while pyoducinz the same results, _ .

Having 6atnblishg§ that a time series can be reprasented
T . h S AN
PR T T : : .
-0y & series{of independent periodioc compeonents, we are \3n '}
r

position to deteot important periddicities in a data set by
observing -the magritudes of the Fourier transform coefficients
at the Fourier frequercies. These amplitudey, as before, are

the square root of the sum of theusqﬁarod sine and cosine (B

-

and A) coefficients.

4

Figure 10 shows the plot of the amplitudé aquarca or.cnéh
' Fourier frodueﬁéx ror'the square 1wa§e e#imble. Not’e ths very
stans -peak at 'w ‘x .16, , This ‘1 close tq the éotualk
» fundamental Frcquency:br .13, Ir the beriodicty wa$ not’
visuflly evidert, ‘it_ at111 gould be detected by choosing the
strorngest Fourier componenty then optimizing ghe W, as
(‘ . disCQAaed in the previousa:section. |
It might oocour to the reader that {1t£1ng'é model of k
ooﬁponhnts . would aim%;;{'involve chooaing ‘the -k atrongeat.

Fourier comporients and sing them 'as starting points for the

¥ .
previously outlined “model fitting procedure. JUnfortunq}ely,
tﬁc "leakage"® problem evidcnﬁliﬁ Figure 9 still‘éxiata; Strong’

T ;piriodic odaponents produce jvllslidé:-'-l'obas in .Chc_*_Fouricrf-

,_pbrioddgrauiwhibh may qiik wohk&r.iﬁdepqnd;nt ooupdndhts,,

Blébnriqld (i976)' and others bivo~ dovoted ith offdrt_ﬁo

'_lbuilininc dafa iaooﬁhiﬁs _proocdurci whioh w11£  dgnpqn ih,

. / '
leakage effect. These are very useful if one is restrioted to

-1l
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’
1) \"
. } | r.'_ ! .
"br.e-pass" data amllysis suoh a§ ir. procéssing roal t ime g
o signals. Howcvor, oommunioatior data is usually not aubjoot to
iy “‘" I
thia restriction, so att{-wise progedures which isolate a

¥
single conponcnt,‘ihcn remove yts effeots are pq;sipla. Since_'

one componént at a time is processed, leakage iajlrrelovnnt. ,’

, b o :
o L. | ,

) : ' : .

L)

The followirg algorithm draws uﬁon'j4rmdnic ardllysis to

~'det,'ect. periodicities in data, nnd{rpd,l-ﬁaramator fstimation

4 ; _techrniques - to fit these periodioc tigs, in a  JYAast aquares:
:> fashion to the £ime series datl.i‘ . -

. w4 .
) C ute the disgorete Fourier trans(onf, and choose as

a starting point the rreqdbnéy which proguces the largest -

2

- amplitude. § § ' R
" 2) Optimize the frequency roduce the greatest

amplitude in thpe neighborhood of the syl rting frequercy,. ard

A

(4

for explained varianoo is nonJSigni Acant, this froquoncy may S

be the spurious result of other . p.ziodicitios in the dltl, or

v there may. be no significant periofic coaponents, \
‘ [ 3) Remove the compononﬁi Som the original data, .uaihg SN
tbd'k_'lnd é estimates, Roﬁe}> steps ;~3 untig all desireg' A
/é;mponqntn are ronoved;' If component givea aigniricant }-
/jvaluoa. one may conclude :-: there are no poriodi; compononta

'u o8 noiao. - Components which give

variance will be used in the final

*w-‘f/

154




r ) ' y
lddcl. Removing comporients may be t%Téinuod until further
~.componsntd do not produce significant F-values for explained ~
V;Einngg in the residuals, unti;:”thc ;dditionnl explained
varianéo”ip- I:aa,than ; oriterion value, og'untii a maximum

rumber of components have been extracted.

. ' ~
4)°  Choose the frequencies which gave ndividually .i\\

signirioant"B-valuoé_aa.atarting eatimatea‘in buildirz a multi-
component moéol; The frequencies of :the optimal fit will not '
ir gencral-bé ioentiqal to the froduoncioa-obtained from step-
wise haruonid aralysis and ?1nglo-oomponcnt model fitting, as
'EnQ set of frequenoiea ;btainQd from the above steps will rot
be oqtnogdnai. The final frequencies and A ard B coefficierts }
from ﬁhg mod@l fittingﬁprooodur‘.hhy be. tested for sigrificance

by ‘rfinal quitio computed for the entire multi-componintl.
. ' - ?
model., \ . AR
The procedure outlined above is similar to’ step-wise
regression. ' The atrongest component is isQlated first, its
. _ _ \
parameters estimated, the variance éxplained by it removed,

. “ ¢ : - e
ther. the next strongest component chosen, eto, The same *

warnih&s[ usyally associated with step-wise rog;Qsiion nlao_.
. ) ‘. (v - . Tt V . °

apply to this prooodura. Tho-prdir~in”whioh the components are

onosen will affeot the . relative variance prlagnoa by

nubaoquont coabonont‘; and any comporient may haéo been shosen

over angther as.a result of chance’variation in the data. L

. & ' . . .
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?

The prOccdd’b outlired above is not the only ong&poasible.

Ari alternative to. be explorqd irivolves using only Fourier
' . . ) . . N I3

-frequencies in models, rather ~ thar estimatirg optimal

rreqﬁencics. This would .capitalize or. their orthogonal

- : L
properties and allow oné tqQ spsak of the camponer.ts separately,

hasd ~

juat as orie speaks of orthogonal beta weighta ir regrassion,
However, usirg . orly Fourier frequencies magnifies the

complexity of the resulting models, as a number of Fourier
. . . |
componsnts may pp r.ecessary to describe a periodicity which
rd

\ 1 . ' . \
does not occur, at a Fourier rrequencyﬂ

AN EXAMPLE OF HYPOTHESIS TESTING AND MODEL BUILDING

.The folibwing .18 ar. example of tnq procedures outlined

-

™~
weres gathered as part of a masa nedia itoring project. . The
Jﬂ o

7bove aprlied to ? real commurnicatior Jata set, The da;a used

details of the projoot and the dat& gathering%prooedurea can be

four:d elsewhers (wWatt, 1977) ard wilg not be discussed here.
‘fho time series plotted 1in ?igur; 11a;d r;presents the

dally promin;;cé of stofies ;bout[.the Coécorde supersonic

trarsport carried in Hasnirgton, D.C. mass media, inoluding

retwork television. The data shows ho obvioua periodicities.

laxting an A Erioerd Hypothesis -
It was proposed that mass maﬁil coverage is subject to

three major ayoles:

-17-
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1) A story "wear-out" cycle of two dtya‘period. This _

. S >
is an reault\of the eVent-orientation of the media. Ary single

~ ’
,annouricenent or svent will be prominemnt only for a short period

of ;imc and will result in short bursts of ébvnrage of high
frequency. .
2) A "weekend" cycle of seven days duﬁatidn. Fewgr
rewsworthy ever.ts occur on the weekend, especially when a majér

portion of tyo r.ews everts concern goverrmental gnnof;oements.
as was the. case ih the GCongords trials. \-There isl_alsé less
breaking Eowslpriqyed on woekenda, due to norma) staff days-
orr'in the news organizations, o
3) \Aﬁ "iasue” cycle of about 30 days duration.> A
cortinuing controversy will exhibit recurrent coverége. For
the issue to remain on the pudblic agenda, apme éoverage once a
month is hypothesized. . ‘ |
It must oa’néted that ?hose are very stringent hypotbeseé.
They are the equivalent of apééifying the slope of a rog;ohsion
lirie in linear regression. It 1is more realisiic' to specify
apbroxii&tc rfequenciea of hypothesized oompon?hta and then
6pti-ixo .thq .runction it withiha the ncighbor?éod of the
frequencies, similar to the regroﬁaibn procedure -of adjusting

tho,ilop, for maxiaum explained variance.

Table I ‘contains the results of the model fit, 'Thc'thr;d

components were first fit to the data independertly to ti.t thq'"

e

_ hypothc.is tnat eaoh coaponont was prﬁaont in the data at
AJ . .
greater than ohanoe l.VQllS\ As the tadle indicates, only-thc :

20

-18-
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30 day cycle apbroached signifigance. The opiimizod frequency
’ o o \

1
gave a 29 day period. This component gave the greatest E-

Sduurc value of almost ,01, equivalert to a Multiple R of .10,

. m
The lower portion of Table I shows the full test of the
three cqmpodent bypothesis. As would bve expectod. the
N\ .
explained v.éiance is 1dproved orly marginally over that of the

€9 day compor.ent alons. The significarnce of the F-value is

'1ess than .10, but greater than .05,

if_tho alpha level for fre]ection~of the rull hypothesis

was set at .05, as aéema nobmhlly to be the case, we would fail
{ o A
to reject the null statemert that theré are ro periodicities of

pcriod 30, 7, and 2 days ir the data. IF the Level was set at

.10, we would oonoluda that the longor cycle of nearly 30 days

L4

Was present, indicatirg an "isaué-orientéd" oqvéﬁﬁge pattern,

in any case, orly about 1% of the variance is explaired by tha

. | \

hypothesized ~omponent(s)

| EALLALG An A Poataciocd Mudel

'Thq,prooeguris for.detecting and model ing pebiodiéit;es

outlined in the grevious _sootion_.were; oaﬂriadvout or  the

-wllh;ngton data aset, in an attompt to crcase a- deaoriptive

mode! of tho'data. A diaoretc Fourior tranaform of the

oﬁiginnl data was fir:t-Obtninid, s& f;_ ”} . .

The full transform la‘ahOVﬁ-ig/fibli' II for illustrative

puhposon. The computational grooodurt nnod to obtnin ‘the
N

tranaror- utilizoa oomplex . variablo algobra. 150 tho trnnaroru

e
14
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is expressed ir. real and imagirary components, rather)tnan sine
and cosine coefficients. The squarad nmpiitude car be obtaihod
from these coefficierts, however, and it corresponds to thag/;
’ - ¢ ' .:
obtaired from A ard B coefficients. Since thq_dhplitude and
. frequency values are the important ones in model building, -
14
there is no need to go into the details of the -complex.
algebraic procedure except to state that the J&h Fourier
transrogm term, J, expressed in real and Imaginary terms is
nelited to A and B as defirned previously by
J = 1/2 (A - iB ) A
3 J J «
> A
Where J is the Fourier term
i1 ias the imaginary operator

(square root of -1) _
A and B.-are the cosine and sine coefficients

Néte that the strongeit component in the Fourier transform
oocdrs :t w 2 5154, which correSponda to a period of abobt 12
_ daya.. ; The amplitude squared of this component is .5093,
corresponding to a ma.ximum amplitu_do of",ab;)ut g1
! This comporent was entered as the atalting point for
fr;quenéy optimiiatidn. Thq;reéults of this single component
model fit are shown in thes< first en%ry of Tab{e I1II.
éurprisingly, the explained variance was nbt aighifioan§g_
_Appgrentl} thg actual periodicity in the daha-waa }rar énough
¢~g,q | from the Fourier rroéuenoyv that the .optihization_ prooéas 
oonvcrcod on i side~lobes frequency, rather than the ;aétuai
‘f:,: .erQuoncy. This is fubthor indicated by the ygﬁih&tei‘h@ximum
;iquarbd' ahblitudnf OF.ﬁno fitted function (the sum:~6f ﬁha

-
N .

-20- .
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aquarca of the A and 8 eatimatos) ' This value is only .39,

oonaidcgably below the .51 found in tho Fourier trnrsrorm.
4

This side-lobe oompongnt was removed_from the data, ard
the residuals agair Fouriér trinsrormed ' Suapicion that the
first frequercy was‘Lpurious was cqnfirmed wher, again w x 5154
enmerged as ttp strongeat Fourier cqmponent, with a squared
magr.itude of T, Since tne spurious f;equency had been
removed, the frequenéy eatimgtion procedure this time~oonverged

£

to w = ,5032 with a squared amplitude of .57, higher than the

-'Fqurinr amplitude, This frequenocy also explained much more
t

0

than chance variation ir fhe data,» as the second ertry in kale

II1 shows .(over 2% of the variance, p = .003), The period

boéroaponding to'th;s rboqgenoy is about 12 1/é days., ’

. . " ©

Ibis ocomponent was removed from- the data (which had
érg:ioualy had the apurious oompohent reaovod),_‘anduthe wholg

process repeated, Table III summarizes results of-_the first

~

.five components, For the phrposes of this example, tﬁg'model

* '

was arbitririly - limited to five coaponents, Béwover,

- significant F-rntio§ for single.componeﬁta courd still bé.”&

N :
obtaired after 10 oogponohta were isolated,

In order to toat the final five component . modol . gli the

rroqucncicl obtninad nbova were entcrcd in the frequercy
-opt;niiftion procoaa ‘as :tartins pointa. The final model is
'au-narixcd'at the bottom of Tablo III. As 1t irdicates, tHe

nodoi rit 1: quito good, with, an R-Square value of 18,

Qquivnlont_to t‘ﬂultiplo R of over .40, If-an additional five

SN e e e - - . N Lo EE R M BRI 2N
. . y

~i



comporents were added (b’Fhe éodel. irdications are that about
308 of the variance irn the tfmé series could 'have been
~ - explaired with the resulting 10 componert model. ’

It should be hbted tpat the sums of ~squgres are computed
about the mear. for the fitted functior, rather'than about the
mean for the data, so the total ‘sums of squares may be

‘di(feren£ for different models. But the 3u£$ of squares due to
function fiy varies accordipgly, as removal of the cépstant
mein constif&%;;‘a lirear transformation, and thus the F-values
are identical. .

The final model ‘conaiats of th; adaition of periodic
N
components of period 12,52, 20.43, 15.21, 8.68, and 683 days,

The_ valdé; ﬁredioted' by this model are ploited with the

original aatalin. Figure 12a-d. The effect of each_oqmponent

can be seen in the plot.. The eight day eomponegk‘producqs
rapid fluctions which are supsrimposed on the 12 to ZQ day
coaponents, This complex relatiornship gives Se;e}al peaks im ..
~' “”//ﬂ\~EWé predictive fﬁnction near péaks' irn the observed data. The

683 qiy ooapogontu goes only’through half a oycie in the data.
It is rebpénsiblo_for the rising trend in the predictive.

,éuno;idb‘at either Qnd’of the plot. _Sihée4€g;ae were periods
otgpoi§ cov.ragﬁ; S § A ndéounts for large 'amognts oé\lxblained
viritno&. | | | |

»




' CONCLUDING REMARKS
A relatively simp}e ﬁroccdure for modelirg ‘periqdic

/// components ir. time series data was p:;sont§d, with an example
application to communication dab;. The mathematical rooedure;
outlined have been available for 150 years, ard -hnZe b;en in
use in engireering applications for over 30 years, As
con&unication data increasingly beoo;es time-based, procedufes,

_such as  these should become moOre commor..
3 . A number of topics have not been addressed in this raper.
? All time series discussed here are assumed to be equaily aéaoed
ir. time, and have Gaussian erroé terms (uricorrelated esrror).
Neither of these'assgmptiona are riecessary, with modificjtidn
or'the- sstimation pfooeaures (Bloomfield, 1976Y. A primary
topic not touched ubon is the .use of harmonic models to d;tect
relationships betweern va;iaples irn. multivariate time serie;.‘
This is a quite important éxtension for individuals interested
in  testing hypotheses about -covariation (and  possibly

.

causation) between two variables measured over Eiye, and as
such deserves immedinte attentior.. ’
Fihllly. it is evident that periodic modeling can only be
oarried out with the aid of a computéf program, as the data
_lanipulapion ia ixtensivc. Inehis it is not unlike many
ooﬁ-on .tatiatioal pbooadurea stch as nult;ple'_regresaiqn!
; rnotOr.an;lysia; eto. Tﬁp gomputer progras used té analyse and
| élot - the .ditaliﬁ this paper .fl available,. along with a
docuacqiation and users' wmarual, from the author for a small
npfoduct.ion fee. N ' |

-?3. . \‘.
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E-SQUANE = ,01%2

TABLE |

WASHINGTON DATA

L4

3

5NALYSIS OF VARIANCE FOR HYPGTHLSIS ThbT OF ThREE COMPONENT MODEL

Single Component Model Fita

Start Final 2 | Sig of

Frequency Frequency ‘A", B E- F F

3.14159  3.14128  *-,40982 -5.4516 003  .992  .320
.89760 .89642 .18096  .2686 .006 =2.116 147
20944 21652 A3 0219 ,009 3,167 _.076

-

Degress of Frevdom for F-ratios are 1 and 36M

_____________ e I R I I et

*

T T

'»

Three Component Model !

INITIAL VALUES ARE -

COMPONENT FREQUENCY COSINE ~ SINE ¥ .
(RADI&NS) COEFFICIENTS
1. . 3.1415901 Q.0 - 0.0
2 0.8975971 0.0 0.0
3 0.2098393 Q.0 0.0
FINAL VALUES ARE - ' .
CCOMPONENT FREQUENCY COSINE S51NE
(RADIANS) - COEFFICIENTS
1 ,.1u25810 -0,334536E+00  0.14B439E+01
2 0.8965008 ©0.180508C+00  0.28SG41E+00
3 0.2165423  '0.411408E+00 K,2272%0E-01 ¢
FITTED CONSTANT (MEAN) I3 0,694916E+00
TOTAL SUM OF SQUARES IS 0.367834E+04
SUM OF SQUARES DUE TO FUNCTION rIT\l. 0.632766E+02
RESIDUAL SUM OF SQUARES 1S 0.361507E+DH

MEAN SQUARE DUE TO FUNCTION FIT 1S

MEAN SQUARE ERROR IS '
Fx  2,1J21 WITH 3 AND 362
SIGNIFICANCE OF F-RATIO IS 0.%98388

CEx 3

0.210022K+02
0.998637E+01
DEG. OF FthDOM

L1

A

J?t; : '..i o . _ - _'.;'
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TABLE 111

~S
ANALYSIS OF VARIANCE FOR FIVE COHPONENT FITTLD

WASRINGTON DATA o

Single Component hodellFits

Start Final
Frequency Trequency.

51540 ,52175
51540~ .50328
31910 .30754 -
40500 41336
1100 L T2360
02450 00424

T

A B
34422 10124
.55060  .40989
65429 -, 16693
JA9u21 24951
40900  .37539

19756 -1,54000

2
g F

.006
024
.023
013
016
JA12

2,347
8,640
8,707
4,699
6.073
45,706

Degreoss of"%rccdom.{or~F—ratios are 1 and 364

MODEL

Sig of

126
003
.003
031
014
.G00

et A e e A e v S b S ok 4 AR v A B W WA M L b AR D e 4L U SR W T G CM T G EP M e ST M N E B TR B T TR A e T e e A e W W

Full Five.Componént tiodel

sH1ITIAL VALURS ARE -

COMPONENT FREQUBRCY

(KADIANS)

. - ] 0.5032003
2 0,305 374
3 0. 41353582
Y 0.12503507
5 0.009241y

) FINAL VALUES ARE -
~* COMPONENT FREGUENCY
~ (RADIANS)
0.5018992
0.3076050
0.4132021
0.7231592
© 0.0092050

Y Y =S VON L

COS1kE
COhrbICl

.COSINk
s COEFF1CT

0.6247h8L+00

0.653865E+00
0.439358E+00
0.406224E+00
0.15046U4E+00

SIhb
ENTS
0.0

OOOO
OOOO

- SINE
ENTS
0.239774E+00

- 0.157052k+00
0.237236E+00
0. 365453E400
-0,157298E+01

FITTED CONSTANT (MEAN) 18
"TOTAL SUM OF SQUARES IS -
SUM OF; SQUARSS DUE TO FUNCTION FIT IS
RESIDUAL SUM OF SQUARES 18

MEAN SQUARE DUE TO FUNCTION FIT 18

MEAN SQUARE ERKOR 18
F =

| SUARE » ,17TY

15,5300 WITH -
SIGNIFICANCE OF F-RATIO IS 0.000012

5 AND

CEle W20

35

0.160342E+01
0.398156E+04
0.706653E+03
0.3274G1E+0Y
0.1413351E+03
0.909696E+01

360 DEG. OF FREEDOM -
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